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Abstract
The effects of two diets, SGP 493 (Aller Aqua, Denmark; SGP) and chironomid larvae (Katrinex,
Poland; CHI), on juvenile carp survival and hematological values after subcutaneous infection
with Aeromonas veronii bt. sobria (strain K144) were studied. All infected fish developed skin
ulcers and both groups developed anemia, i.e., a severe reduction in hemoglobin content with-
out a decrease in red blood cell count and a minor decrease in hematocrit. There were higher
levels of hematocrit, hemoglobin, and mean cell hemoglobin in the CHI group at the beginning
of the infection, together with a slightly higher erythropoietic potential. At the end of the experi-
ment, partial recovery of hemoglobin levels took place. The SGP diet induced considerable
leukocytosis in healthy fish, which did not enhance their resistance to the infection. Leukopenia,
lymphopenia, and reduced phagocyte activity took place in all infected fish. Survival 15 days
after injection was 50% in SGP and 63% in CHI, suggesting that fish fed natural food were slight-
ly less susceptible to Aeromonas-induced anemia even though feeding natural food or SGP did
not significantly affect the performance of infected fish. 
Introduction
Much attention has been paid to study of the
effects of diets on juvenile cyprinid fish. Dry
commercial diets are generally inferior to nat-
ural ones as far as growth, survival, and bio-
logical quality are concerned (Myszkowski et
al., 2002; Kaminski et al., 2005; Kamler et al.,
2006; Wolnicki et al., 2006). Little is known
about how diets and feeding influence fish
blood parameters as indicators of physiologi-
cal status or the resistance of fish against dis-
*  Corresponding author. E-mail: wites@ap.siedlce.pl
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ease. Fish immune response may be
enhanced by dietary probiotic additives such
as bacteria (Irianto and Austin, 2002; Salinas
et al., 2005), antioxidants such as vitamin C
(Verlhac et al., 1998; Sahoo and Mukherjee,
2003) and vitamin E (Clerton et al., 2002;
Sahoo and Mukherjee, 2002), natural and
synthetic immunomodulators (Sahoo and
Mukherjee, 1999; Siwicki et al., 2000; Sakai et
al., 2001; Peddie et al., 2002; Bagni et al.,
2005; Cuesta et al., 2005; Siwicki et al.,
2005), natural carotenoids (Amar et al., 2004)
and hormones (triiodothyronine; Sahoo,
2003), and dietary chromium (Gatta et al.,
2001).
On the other hand, immunocompetence
and disease resistance may be impaired by
nutrient deficiencies especially of certain vita-
mins and minerals (Sealey and Gatlin, 1999)
or essential fatty acids (Montero et al., 2004).
A dietary protein deficiency may reduce the
red blood cell count in fish (Daniels and
Gallagher, 2000) while leucocrit values and
plasma protein tend to increase and phago-
cyte activity to decrease as the feed ration
increases in Oncorhynchus tshawytscha
(Alcorn et al., 2003).
Bacteria belonging to the mesophilic
Aeromonas group commonly occur in the
water environment and are responsible for a
wide spectrum of diseases among poikilother-
mic and homoiothermic organisms including
humans (Khardori and Fainstein 1988; Austin
et al., 1996). Such bacteria are also important
pathogens of many fish species. They cause
motile aeromonad infection (MAI) and
aeromonad septicaemia (MAS) which occur in
adverse environmental conditions. Mesophilic
aeromonads are frequently isolated from
asymptomatic fish and often occur in damaged
fish tissues as a secondary pathogen.
Aeromonas veronii bt. sobria, A. bestiarum,
and A. salmonicida are most often associated
with disease in common carp (Cyprinus carpio
L.) cultured in Poland (Kozinska et al., 2002).
The risk of fish disease associated with
mesophilic aeromonads is increasing in Poland
because of stress and environmental contami-
nation resulting from production intensity. 
It seems possible that juvenile cyprinids
reared on dry commercial diets may perform
considerably worse than those fed natural
foods, after release into outdoor ponds.
Aeromonas causes skin lesions in fish after
subcutaneous administration (Stosik, 1989;
Rehulka, 2002; Harikrishnan et al., 2003),
facilitating observation of disease develop-
ment and recovery.
Therefore, the aim of the present study
was to evaluate the effect of two commercial
diets, one artificial and one natural, on the
performance of juvenile C. carpio, measured
by survival and hematological values, after
experimental infection with Aeromonas
veronii bt. sobria (strain K144).
Materials and Methods
Fish preparation. Cyprinus carpio progeny of
four female and four male spawners were
pooled. Juveniles began to be prepared for
the experiment 120 days after hatching, when
their mean wet body weight and total length
reached 3.31±0.38 g and 6.03±0.34 cm. The
fish were stocked into 40-l glass flow-through
aquaria at the density of 1.25 individuals per l
(50 per aquarium) and fed a dry commercial
starter feed SGP 493 (Aller Aqua, Denmark)
or frozen commercial chironomidae larvae
(Table 1). Feed was given manually at 08:00,
11:00, 14:00, 17:00, and 20:00 at daily feed-
ing rates noticeably below satiation. 
Aquaria were continuously supplied with
filtered and aerated water from the recircula-
tion system at approximately 1.5/min and
heated to 22.0±0.5°C. Aquaria were artificially
illuminated from 08:00 to 21:00 by fluorescent
tubes producing a light intensity of 700 lux at
the water surface. Aeration was provided by
airstones to maintain the oxygen concentra-
tion in the water at about 60% saturation.
The preparatory period lasted 70 days.
The final mean wet body weight and total
length were 24.36±3.57 g and 11.60±0.49 cm
for fish fed SGP 493 and 16.70±3.44 g and
10.40±0.70 cm for those fed chironomids.
Experimental procedures. The experiment
begun on the day after completion of the
preparatory period and lasted 15 days. The
two experimental groups included 40 juveniles
fed SGP 493 (SGP) and 35 juveniles fed chi-
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ronomids (CHI). Assuming that natural food is
an optimum source of nutrients for fish, the
CHI group served as the control.
On day 1 of the experiment, all the fish
were subjected to thermal shock by rapidly
transferring them from water of 22.4±0.5°C to
water of 10.5±0.2°C for one hour, then expos-
ing them to cold atmospheric air (11.0-12.0°C)
for 2 min. Next, they were hypodermically
injected on the left side of the body (1 cm
below the dorsal fin) with 0.05 ml of 0.85%
NaCl solution containing 4 x 107 cfu/ml of the
Polish strain K144 Aeromonas veronii bt.
sobria which is very virulent for carp (unpubl.
data). The experimental concentration of bac-
teria was established in preliminary tests after
it induced distinct symptoms in the fish without
killing them.
Since fish in good condition may resist
bacterial infection (Jara and Chodyniecki,
1999), the fish were weakened with a second
thermal shock to assure infection by rapidly
putting them into water of 21.4°C. The opti-
mum thermal shock procedure was deter-
mined in preliminary tests where there was no
fish mortality during a 10-day observation
period. The fish were transferred in this water
to 20-l experimental aquaria filled with stag-
nant water of 22.5±0.5°C that was continu-
ously aerated. The SGP fish were stocked in
four aquaria at 10 fish per aquarium while the
CHI fish were stocked in one aquarium of five
fish and three aquaria of 10 fish. Water in the
aquaria was changed manually once a day
and fish were not fed throughout the 15-day
experiment.
Fish mortality and changes on the skin
were monitored continuously. Dead fish were
counted and removed immediately after being
noticed. Irreversible loss of balance and com-
plete cessation of all movement indicated
death. 
Blood analysis. Blood was sampled by
heart puncture. Needles and plastic
Eppendorf tubes were heparinized and
chilled. Blood (200-300 µl) was first sampled
six days before the experiment, i.e., six days
before infection, and on days 1, 8, and 15.
Each sampled fish was sampled only once
and then excluded from further observations
and survival calculations. Therefore, data
from only three replicates (10 fish each) per
experimental group were used to determine
survival.
The blood was transported (about 2 h) at
4.0ºC to the laboratory of the Department of
Animal Physiology of the University of
Podlasie in Siedlce and immediately subjected
to analysis. Hematological parameters were
used as indicators of physiological status in
fish. Red blood parameters are related to oxy-
gen transport capacity and therefore indicate
the energetic status of the organism (they usu-
ally increase under stress and decrease dur-
ing infection or intoxication). White blood para-
meters are related to immune functions, in fish
represented primarily by non-specific mecha-
nisms, mainly phagocytosis. These parame-
ters are sensitive to environmental and intrin-
sic factors. Thus monitoring of hematological
parameters provides reliable information on
disease development and recovery.
The following blood parameters were eval-
uated: hematocrit (Ht) – after centrifugation of
blood in heparinized capillary tubes for 5 min
at 12,000 rpm; hemoglobin concentration (Hb)
– using the spectrophotometric cyan-
methaemoglobin method (with Drabkin
reagent), extinction read at 540 nm; erythro-
cyte count (RBC) – blood was diluted 100
times with Hayem solution and the cells were
counted in a Burker chamber under 12.5 x 40
magnification; mean cell volume (MCV) – cal-
culated according to the formula MCV = 10(Ht
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Component (%) SGP CHI*
Moisture - 86.69
Protein 56.0 9.34
Lipid 11.0 1.57
Carbohydrate 13.0 1.05
Ash 11.0 1.35
* Wolnicki et al. (2006)
Table 1. Composition of artificial (SGP
493) and natural (CHI; chironomidae larvae)
diets.
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x RBC); mean cell hemoglobin (MCH) – cal-
culated according to the formula MCH = Hb x
RBC; mean cell hemoglobin concentration
(MCHC) – calculated according to the formula
MCHC = 100(Hb x Ht); leukocyte count
(WBC) – blood was diluted 100 times with
Hayem solution and cells were counted in a
Burker chamber under 12.5 x 40 magnifica-
tion at the same time that red blood cells were
counted; and activity of reactive oxygen radi-
cal production by phagocytes (NBT) – by
spectrophotometric measurement of for-
masan concentration (at 546 nm), a product of
intracellular reduction of nitotetrazolium blue
by phagocytes, according to Sychlowy and
Lukas (1978), modified for fish blood by
Sopinska (1985). Blood smears were pre-
pared and stained according to Pappenheim
to calculate differential erythrocyte and leuko-
cyte counts.
Statistical analysis. Survival percentages
were normalized using angular transformation
(Sokal and Rohlf, 1969) and differences
between and within experimental groups were
considered significant at p≤0.05. Results of
blood analyses were subjected to the non-
parametric Mann-Whitney U-test and differ-
ences were assumed significant at p≤0.05.
Results
All fish developed skin ulcers and red spots
around the place of infection within 16 h after
injection. Large amounts of mucus were
secreted on the skin and swimming ability
decreased. Ulcers first began to burst three
days after injection in group CHI and four days
after injection in SGP. By day 6, all ulcers had
burst. Injuries caused by bacteria began to
heal on day 8. There were external deformities
(spinal curvatures) in some motionless weak
specimens. Mortality occurred on days 4-9 in
group SGP and 3-7 in group CHI. By the end
of the experiment, CHI had a lower average
mortality rate – 37% (30%, 40%, and 40% in
the three replicates) than SGP – 50% (in all
replicates), but the differences within and
between groups were not significant (Fig. 1). 
Hematocrit did not significantly differ
between groups before injection (Table 2) and
was within the normal range for C. carpio
(Witeska, 2003). On day 1, hematocrit
decreased only in SGP and was significantly
lower than in CHI while on days 8 and 15,
hematocrit was significantly lower than before
injection in both groups. 
Hemoglobin gradually decreased after
infection in both groups and on day 1 was sig-
nificantly lower in SGP than in CHI. On day 8,
when symptoms were fully developed, it was
extremely low in both groups (Witeska, 2003).
On day 15, it had slightly recovered but was
still lower than before injection.
Red blood cell counts changed little
throughout the experiment and were typical
for the species (Witeska, 2003). It was slight-
ly lower in CHI than in SGR and significantly
increased on day 15 in CHI.
Mean cell volume was higher in CHI but
the difference was not significant until day 15.
Mean cell hemoglobin gradually decreased
after infection and began to recover on day 15
but was still significantly lower than before
infection. The decrease and recovery of mean
cell hemoglobin concentration was similar but
there were no differences between the
groups.
The percent of immature erythrocytes
(polychromatophilous erythroblasts) on day 1
was significantly higher and on day 8 slightly
higher in CHI than in SGP, possibly indicating
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Fig. 1. Cumulative mortality of carp juveniles fed
an artificial (SGP) or natural (chironomid larvae;
CHI) diet after infection with Aeromonas veronii bt.
sobria.
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greater erythropoietic potential in fish fed nat-
ural food. However, the percent of erythro-
blasts observed in smears was rather low as,
in healthy cyprinids, it may reach 5-9%
(Wlasow et al., 1990) or even 15-20% (Murad
and Houston, 1992).
Discussion
The red blood parameters show that both
groups of fish began to develop anemia
immediately after infection and severe anemic
conditions occurred within one week after
injection. Signs of partial recovery were seen
on day 15.
The higher levels in CHI of hematocrit and
hemoglobin on day 1 and mean cell hemoglo-
bin on day 8, the slightly greater erythropoiet-
ic potential, and the increase in red blood cells
on day 15 suggest that fish fed natural food
are less susceptible to Aeromonas-induced
anemia than those fed artificial food. The ane-
mic response to Aeromonas-induced ulcera-
tive dermatitis was also observed in rainbow
trout (Rehulka, 1998, 2002) while reduced
hemoglobin was observed in brook trout
infected by A. salmonicida (Shieh and
Maclean, 1976). There was a similar reduc-
tion in hematocrit and hemoglobin, increase in
red blood cells, and subsequent erythroblas-
tosis leading to complete recovery of these
three values thirty days after infection in com-
mon carp intraperitoneally injected with A.
hydrophila (Harikrishnan et al., 2003).
The reduction of the red blood values can-
not be attributed to starvation. Hematocrit and
red blood cells in Hoplias malabaricus (a
neotropical warmwater fish that is more sus-
ceptible to starvation-induced changes than
carp) remained unchanged after 30, 60, and
90 days of starvation, and low as late as 150
days after starvation (Rios et al., 2002).
Likewise, 17 days of starvation did not affect
red blood parameters in common carp juve-
niles (Witeska, unpubl.).
The average white blood cell count was
extremely high in SGP, exceeding values typi-
cal for this species (Witeska, 2003), but nor-
mal in CHI, although the difference was not
significant due to very high variability within
SGP. The white blood cell count sharply
dropped in both groups on day 1, was signifi-
cantly lower in CHI, and remained low until day
8. Leukopenia probably resulted mainly from
the Aeromonas infection, but since the leu-
cocrit value in Coho salmon is positively relat-
ed to the food ration (Alcorn et al., 2003), the
leukocyte count may have been affected by
starvation of the fish during our experiment.
Nevertheless, 17 days of starvation did not
reduce the white blood count in carp juveniles
(Witeska, unpubl.). The white blood cell count
recovered on day 15, but did not return to the
high pre-injection level in SGP. Leukopenia
and a progressive decrease of immunoglobu-
lin was also observed in common carp infect-
ed with ulcerative A. salmonicida, interpreted
by the authors as a state of immune suppres-
sion (Evenberg et al., 1986). A similar reduc-
tion was reported in carps suffering from
Aeromonas-induced erythrodermatitis (Stosik,
1989). However, an increase in white blood
cells may occur in Aeromonas-infected fish
(Shariff et al., 2001; Harikrishnan et al., 2003). 
Before injection, lymphocytes comprised
97.5-98.5% of the leukocytes in both groups,
while on day 1 the percentage significantly
decreased, accompanied by the decrease in
white blood cell count. Thus, a drop in
absolute lymphocyte count took place.
Aeromonas hydrophila and its exotoxins trig-
ger apoptosis in lymphocytes as demonstrat-
ed in vitro for isolated crucian carp cells (Shao
et al., 2004). It is possible that these cells
migrated and concentrated in the ulcers. After
infection, the percentage of phagocytes
began to increase. On day 1, the proportion of
neutrophils significantly increased, and, on
day 8, the levels of monocytes were high (the
differences were not significant because of
very high individual variability; some fish did
not develop monocytosis). Leukocyte counts
did not deviate from normal values for com-
mon carp (Witeska, 2003). Almost all the neu-
trophils were in juvenile stages (myelocytes
and metamyelocytes) and their percentage
increased with time. Similar changes were
observed in blood and spleen leukocyte pop-
ulations of Oncorhynchus mykiss infected with
A. salmonicida; the percent of granulocytes
rose throughout the period of infection while
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the percent of monocytes rose from day 2 to 7
after infection (Kollner and Kotterba, 2002).
The number of polymorphonuclear leucocytes
increased in Aeromonas-infected carps
(Stosik, 1989).
Phagocyte activity did not significantly dif-
fer between SGP and CHI. After infection,
phagocyte activity gradually decreased to very
low values on day 1 in SGP and on day 8 in
CHI. This drop may have been related to reju-
venation of the blood phagocyte population.
On the other hand, the later decrease of
phagocyte activity in CHI may indicate that fish
fed natural food are less susceptible to the
immunosuppressive action of Aeromonas,
supported by their slightly higher survival and
faster recovery. In Catla catla, Labeo rohita,
and Cirrhinus mrigala, leukocytes immunized
ex vivo with A. hydrophila increased production
of reactive oxygen species, indicating phago-
cyte activation (Basheera et al., 2002),
although there was no significant change in
phagocyte activity of Aeromonas-infected
brook trout (Salvelinus fontinalis; Dautrempuits
et al., 2006).
The changes in the white blood cell sys-
tem show that SGP induced considerable
leukocytosis in healthy fish which, however,
did not enhance their immune response when
infected with strain K144 Aeromonas veronii
bt. sobria. Despite slightly better performance
of the fish fed natural food (CHI), results show
that diet did not significantly affect the ability
of fish to overcome the disease, indicating
that SGP 493 meets the dietary requirements
of common carp juveniles reared under hatch-
ery conditions.
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